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(57) ABSTRACT 

A capacitive deionization apparatus, wherein a spacing dis 
tance between electrodes of cells is uniformly maintained and 
a flow in the cells is optimized to improve efficiency of the 
deionization apparatus and contact resistance between a car 
bon material and a collector is reduce to improve electrical 
conductivity, is disclosed. The capacitive deionization appa 
ratus which includes a plurality of electrode modules, each 
having a collector and electrodes disposed on upper and lower 
surfaces of the collector to electrically and chemically 
remove ions from liquid, includes a plurality of plates made of 
a stiff material are alternately stacked with the electrode mod 
ules such that the electrode modules are spaced at specific 
intervals, wherein the collector and the electrodes are pressed 
by a pair of adjacent plates among the plurality of plates to 
maintain a contact therebetween. 
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FIG. 1 
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FIG. 3 
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DEONIZATION APPARATUS AND METHOD 
OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of Korean Patent 
Application No. 2008-0018781, filed on Feb. 29, 2008 in the 
Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an ion removing 
apparatus capable of removing ions from the liquid, and, 
more particularly, to a capacitive deionization (CDI) appara 
tus capable of removing ion components from the liquid using 
electrical and chemical methods. 
0004 2. Description of the Related Art 
0005 Among various methods used to purify water con 
taining salt components or heavy metals, a method using ion 
exchange resin is widely used. However, the method usingion 
exchange resin is uneconomical in that an acid or base solu 
tion should be used in the regeneration of resin and a large 
amount of polymer resin and chemicals should be used to 
process a large amount of water. 
0006 Recently, a lot of research has been done on a 
capacitive deionization (CDI) apparatus to overcome the dis 
advantages. 
0007. The capacitive deionization (CDI) technology is 
based on a simple principle in which anions are electrically 
adsorbed to a positive electrode and cations are electrically 
adsorbed to a negative electrode by applying a Voltage 
between two porous carbon electrodes formed in a stack 
shape to remove ions dissolved in a fluid Such as water. 
Further, when ions adsorbed to the electrodes are saturated, 
the regeneration of the electrodes can be easily performed by 
switching the polarity of the electrodes or by cutting off the 
power Supply. Since a cleaning solution (acid, base or the 
like) is not used for the regeneration of the electrodes as 
opposed to an ion exchange resin method or a reverse osmo 
sis, there is no subsidiary chemical waste. Further, since the 
corrosion or contamination of the electrodes hardly occurs, 
the CDI apparatus has a semi-permanent lifespan. Also, since 
energy efficiency is high, energy consumption can be reduced 
by 90-95% in the CDI technology compared to other pro 
cessing methods. 
0008. An example of the CDI apparatus is disclosed in 
U.S. Pat. No. 6,309,532. 
0009. The CDI apparatus disposed in the patent includes 
end plates provided at upper and lower ends; a number of 
electrodes, current collectors, and insulating materials form 
ing a middle layer; and bolts, nuts and sealing to fasten the 
components; and the like. 
0010. The electrodes mainly employ a carbon material 
having pores with a high specific Surface area. The electrodes 
are adhered to the collector using a conductive material. The 
collector is made of a material Such as a titanium sheet or a 
carbon foil having good electrical conductivity. A channel is 
formed at a specific portion of the collector to form a flow path 
and the electrodes are attached to the opposite surfaces of the 
collector, thereby forming a single electrode body. However, 
the uppermost collector and the lowermost collector have a 
single electrode attached to one surface thereof. 
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0011. In the CDI apparatus disposed in the patent, a CDI 
stack is formed by alternately stacking the electrodes, collec 
tors, insulating materials and sealing and fastening them. In 
the CDI stack, when positive (+) and negative (-) voltages are 
alternately applied to the electrodes and water flows into an 
upper or lower inlet, the water moves in a ZigZag through 
channels formed on the collectors and ion components 
included in the water are adsorbed to the carbon material of 
the electrodes. After a specific level of adsorption is per 
formed, a negative (-) voltage is applied to the positive elec 
trode and a positive (+) Voltage is applied to the negative 
electrode, ion components adsorbed to the carbon material 
are removed and the regeneration of the electrodes is simply 
achieved. 
0012 However, in the CDI apparatus disposed in the 
patent, the carbon material and the collector are adhered to 
each other using conductive epoxy or the like in the manu 
facture of the electrodes. Accordingly, the pores of the carbon 
material may be partially clogged and electrical conductivity 
may deteriorate due to contact resistance. 
0013 Further, since each layer is sealed using a gasket 
made of rubber or Teflon, when a number of cells are stacked 
and fastened to each other, upper, middle and lower cells 
cannot be fastened with a uniform force. Accordingly, since 
the cells are spaced by different distances, a uniform Voltage 
cannot be applied to the cells. As a result, ion removal effi 
ciency decreases in Some cells. 
0014 Further, titanium or metal having the same function 

is used as the collector. In this case, the manufacturing cost 
increases. If other metals are used to reduce the manufactur 
ing cost, the metals may be corroded. Further, in a case of 
using an inexpensive carbon foil, since the boundary of the 
collector is exposed to the outside in the structure disposed in 
the patent, there is a problem that the collector may be dam 
aged. 

SUMMARY OF THE INVENTION 

0015. It is an aspect of the invention to provide a capacitive 
deionization apparatus capable of reducing contact resistance 
between a carbon material and a collector in the manufacture 
of electrodes to improve electrical conductivity and capable 
of preventing pores of the carbon material from being par 
tially clogged. 
0016. It is another aspect of the invention to provide a 
capacitive deionization apparatus capable of maintaining a 
uniform spacing distance between the Stacked collectors, 
thereby improving ion removal efficiency. 
0017. Further, it is another aspect of the invention to pro 
vide a capacitive deionization apparatus having collectors 
capable of reducing the manufacturing costs and preventing 
damage. 
0018. Further, it is a further aspect of the invention to 
provide a capacitive deionization apparatus capable of 
improving ion removal efficiency by installing a structure in 
a unit cell to vary a total distance along which water flows on 
the surfaces of the electrodes. 
0019. Additional aspects and/or advantages of the inven 
tion will be set forth in part in the description which follows 
and, in part, will be obvious from the description, or may be 
learned by practice of the invention. 
0020. In accordance with an aspect of the invention, there 

is provided a capacitive deionization apparatus which 
includes a plurality of electrode modules, each having a col 
lector and electrodes disposed on upper and lower Surfaces of 
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the collector to electrically and chemically remove ions from 
liquid, comprising: a plurality of plates made of a stiff mate 
rial are alternately stacked with the electrode modules such 
that the electrode modules are spaced at specific intervals, 
wherein the collector and the electrodes are pressed by a pair 
of adjacent plates among the plurality of plates to maintain a 
contact therebetween. 
0021 Preferably, a hollow portion is formed in each of the 
plates, and each of the electrode modules is safely placed on 
in the hollow portion of the pair of plates and pressed by a 
boundary of the hollow portion. 
0022 Preferably, unit cells which adsorb ions are formed 
between adjacent electrode modules among the plurality of 
electrode modules, and a spacing member is disposed in each 
of the unit cells to maintain a specific distance. 
0023 Preferably, the spacing member includes a guide 
which guides a flow of liquid. 
0024 Preferably, the guide divides an inner portion of the 
unit cell to increase a flowing time of the liquid passing 
through the unit cell. 
0025 Preferably, each of the electrode modules includes a 
channel corresponding to a width of a flow path defined by the 
guide. 
0026. Preferably, the spacing member is formed on the 
hollow portion as a single body. 
0027 Preferably, the spacing member presses each of the 
electrode modules to maintain a contact between the elec 
trodes and the collector. 
0028 Preferably, the spacing member includes a turbulent 
flow generation portion to generate a turbulent flow in a flow 
of the liquid in the unit cell. 
0029 Preferably, the deionization apparatus further 
includes a pair of end plates which are disposed at opposite 
ends of a stack structure formed by the plurality of electrode 
modules and the plurality of plates, each end plate having an 
opening for inlet or outlet of liquid, wherein at least one of the 
pair of end plates has a buffer space to buffer a pressure of the 
liquid flowing into the opening. 
0030 Preferably, the deionization apparatus further 
includes first sealing members to prevent the liquid from 
leaking between the electrode modules and the plates. 
0031 Preferably, the deionization apparatus further 
includes second sealing members which disposed around the 
first sealing members to prevent the liquid from leaking 
between the adjacent plates. 
0032 Preferably, the plates include fixing grooves to fix 
the first and second sealing members. 
0033 Preferably, the plates are molded of a resin material. 
0034 Preferably, the plates are larger than the electrode 
modules by a specific size, the apparatus further includes a 
terminal to supply a power to each of the electrode modules, 
and the terminal is coupled to the collector on each of the 
plates. 
0035. In accordance with another aspect of the invention, 
there is provided a capacitive deionization apparatus which 
electrically and chemically removes ions from liquid, com 
prising: a plurality of spacer units having a plurality of elec 
trode modules and a plurality of plates which Support bound 
aries of the plurality of electrode modules spaced at specific 
intervals, a pair of end plates which are disposed at opposite 
ends of the plurality of spacer units and have openings for 
inlet or outlet of liquid, and coupling members which couple 
the plurality of spacer units and the pair of end plate units 
wherein the plurality of plates are made of a stiff material to 
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uniformly maintain a spacing distance between the plurality 
of electrode modules regardless of a fastening force of the 
coupling members. 
0036 Preferably, each of the electrode modules includes a 
collector and electrodes having a size corresponding to the 
collector and disposed on upper and lower Surfaces of the 
collector, and boundaries of the electrode modules are 
pressed by a pair of adjacent plates among the plurality of 
plates to maintain a contact therebetween. 
0037 Preferably, a spacing member is disposed between 
adjacent electrode modules among the plurality of electrode 
modules, and an inner portion of a boundary of each of the 
electrode modules is pressed by the spacing member to main 
tain a contact between the electrodes and the collector. 
0038 Preferably, the spacing member is formed as a single 
body with each of the plates to guide a flow of the liquid. 
0039 Preferably, the spacer units further include sealing 
members to prevent the liquid from leaking between the elec 
trode modules and the plates. 
0040 Preferably, each of the spacer units further includes 
a terminal to Supply a power to each of the electrode modules, 
and each of the plates further includes a terminal insertion 
portion to mount the terminal thereon such that the terminal is 
coupled to the collector on each of the plates. 
0041. In accordance with a further aspect of the invention, 
there is provided a method of manufacturing a capacitive 
deionization apparatus which electrically and chemically 
removes ions from liquid, comprising: alternately stacking 
electrode modules and plates, which support boundaries of 
the electrode modules and are made of a stiff material to 
uniformly maintain a spacing distance between the electrode 
modules, on a first end plate having an opening for inlet or 
outlet of liquid; mounting a second end plate having an open 
ing for inlet or outlet of liquid to correspond to the first end 
plate; and coupling the first and second end plates with the 
plates. 
0042. In the deionization apparatus according to the 
present invention, since the collector and the electrodes can 
be fixed without an adhesive agent, it is possible to prevent the 
pores of the electrodes from being clogged and to prevent a 
reduction of electrical conductivity due to contact resistance. 
0043. Further, according to the present invention, since the 
electrode modules can be spaced at specific intervals using 
the plates made of a stiff material, it is possible to apply a 
uniform Voltage to the cells, thereby improving ion removal 
efficiency. 
0044) Further, according to the present invention, since 
various flow paths can be formed using the guides formed on 
the cells, it is possible to allow water to flow along along flow 
path and also possible to increase the water residence time on 
the surfaces of the electrodes, thereby improving the ion 
removal efficiency. 
0045. Further, according to the present invention, since the 
collector is connected to the terminal on the plate, it is pos 
sible to prevent the collector from being damaged. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0046. These and/or other aspects and advantages of the 
exemplary embodiments of the invention will become appar 
ent and more readily appreciated from the following descrip 
tion of the embodiments, taken in conjunction with the 
accompanying drawings, of which: 
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0047 FIG. 1 illustrates an exploded perspective view of a 
capacitive deionization apparatus according to an embodi 
ment of the present invention; 
0.048 FIG. 2 illustrates a cross-sectional view of the 
capacitive deionization apparatus according to the embodi 
ment of the present invention; 
0049 FIG. 3 illustrates an exploded perspective view of a 
spacer unit included in the capacitive deionization apparatus 
according to the embodiment of the present invention; 
0050 FIG. 4 illustrates a cross-sectional view of essential 
parts showing a stack structure of a deionization apparatus 
according to a modified embodiment of the present invention; 
and 
0051 FIGS. 5 and 6 illustrate schematic views showing a 
flow of liquid in the capacitive deionization apparatus accord 
ing to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0052 Reference will now be made in detail to exemplary 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings, wherein like ref 
erence numerals refer to like elements throughout. The 
embodiments are described below to explain the present 
invention by referring to the figures. 
0053 Hereinafter, a capacitive deionization apparatus 
according to an embodiment of the present invention will be 
described in detail with reference to the accompanying draw 
1ngS. 
0054 FIG. 1 illustrates an exploded perspective view of 
the capacitive deionization apparatus according to the 
embodiment of the present invention. FIG. 2 illustrates a 
cross-sectional view of the capacitive deionization apparatus 
according to the embodiment of the present invention. FIG.3 
illustrates an exploded perspective view of a spacer unit 
included in the capacitive deionization apparatus according to 
the embodiment of the present invention. 
0055. The capacitive deionization apparatus (hereinafter, 
referred to as a “CDI apparatus) according to the embodi 
ment of the present invention is an apparatus which electroni 
cally and chemically removes ions from the liquid. As shown 
in FIGS. 1 and 2, the CDI apparatus includes a pair of end 
plate units 10a and 10b which form upper and lower ends of 
the CDI apparatus and have openings 11 a for inlet and outlet 
of liquid, a plurality of spacer units 20 having a plurality of 
plates 50 which are disposed between the end plate units 10a 
and 10b to support boundaries of a plurality of electrode 
modules 40 spaced at specific intervals, and coupling mem 
bers 30 which couple the plurality of spacer units 20 and the 
pair of end plate units 10a and 10b. 
0056. The CDI apparatus has a stack structure in which the 
plurality of spacer units 20 are stacked on any one plate unit 
(end plate unit 10a) and the other plate unit (end plate unit 
10b) is stacked thereon. Unit cells 70 which adsorb ions are 
formed between the adjacent electrode modules 12 and 40 
and as many as the number of the plates 50. 
0057 The pair of end plate units 10a and 10b include a first 
end plate unit 10a which forms a lower external appearance of 
the CDI apparatus and a second end plate unit 10b which 
forms an upper external appearance thereof. 
0058 Since the first and second end plate units 10a and 
10b have the same configuration, only the first end plate unit 
is described, and the description of the second end plate unit 
is replaced by the description of the first end plate unit. 
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0059. The first end plate unit 10a includes an end plate 11, 
an end electrode module 12 disposed on the end plate 11 and 
a support member 13 disposed between the end plate 11 and 
the end electrode module 12. 
0060. The opening 11a for inlet and outlet of liquid is 
formed on one surface of the end plate 11 to be connected to 
an external liquid supply line. A channel 11b is formed on the 
other surface of the CDI apparatus such that the liquid flows 
into or out of the CDI apparatus through the channel 11b. 
0061 Further, the end plate 11 is has a thickness equal to 
or larger than a specific thickness at which bending does not 
occur in fastening of the coupling members 30 after stacking 
the first end plate unit 10a and the spacer unit 20. The end 
plate 11 may be made of various materials such as metal, 
plastic, rubber or the like, but it is preferable that the end plate 
11 is made of plastic for insulation. 
0062. A buffer space 11c is formed in the end plate 11 to 
buffer the pressure of liquid flowing into the opening 11a. 
Accordingly, the liquid Supplied from the external liquid Sup 
ply line flows into the CDI apparatus through the buffer space 
11c. The buffer space 11c buffers the pressure of the inflow 
liquid to prevent the electrode modules 12 and 40 inside the 
CDI apparatus from being damaged due to the pressure of the 
inflow liquid. 
0063. Further, a terminal coupling portion 15 is formed on 
the end plate 11 to couple a terminal 14 which applies a power 
to the end electrode module 12 with a collector 12a. A termi 
nal insertion portion 16 having a width corresponding to the 
terminal 14 is formed on the side surface of the end plate 11 
to guide the terminal 14 to the terminal coupling portion 15. 
0064. The end electrode module 12 includes the collector 
12a and an electrode 12b disposed on one surface of the 
collector 12a. 
0065. In this case, the support member 13 having a size 
corresponding to the end electrode module 12 is formed of an 
elastic material such as silicone or rubber between the end 
electrode module 12 and the end plate 11 to uniformly dis 
tribute the pressure to the end electrode module 12 in fasten 
ing of the coupling members 30 and to prevent the liquid from 
leaking between the end plate 11 and the end electrode mod 
ule 12. 
0.066 Further, channels 12c corresponding to the channel 
11b of the end plate 11 are formed on the end electrode 
module 12 and the support member 13 to guide the liquid into 
or from the CDI apparatus. 
0067 End sealing members 17 and 18 are provided to 
prevent the liquid from leaking through a gap between the end 
plate 11 and the spacer unit 20 adjacent to the end plate 11. 
The end sealing members 17 and 18 include a first end sealing 
member 17 disposed at an upper boundary of the end elec 
trode module 12 and a second end sealing member 18 dis 
posed on the outside of the first end sealing member 17. In this 
case, a fixing groove 19 is formed on the end plate 11 along a 
periphery to guide seating of the second end sealing member 
18. 
0068. The end sealing members 17 and 18 are generally 
formed of elastic rubber or a material similar thereto, and are 
pressed between the end plate 11 and the spacer unit 20 to 
prevent leakage of the liquid. 
0069. Fastening holes 11d are arranged at specific inter 
vals on the outside of the fixing groove 19 for fastening of the 
coupling members 30. 
0070 The plurality of spacer units 20 disposed between 
the pair of end plate units 10a and 10b are formed in the same 
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shape. As shown in FIG. 3, each of the spacer units 20 
includes the electrode module 40, a terminal 43 which applies 
a power to the electrode module 40, the plate 50 which Sup 
ports the electrode module 40 to be spaced from the electrode 
module 40 of the adjacent spacer unit 20 by a specific dis 
tance, and sealing members 61 and 62 which prevent the 
liquid in the stack structure of the CDI apparatus from leaking 
out of the CDI apparatus. 
0071. The electrode module 40 includes a collector 41 and 
porous electrodes 42 disposed on the upper and lower Sur 
faces of the collector 41. The collector 41 includes a body 41a 
formed in a size corresponding to the electrodes 42 and an 
extended portion 41b which is extended from the body 41a to 
connected to the terminal 43. 

0072 The collector 41 may employ metal such as titanium 
having good electrical conductivity, a carbon foil or the like. 
In this embodiment, the collector 41 is made of a carbon foil 
without corrosion to reduce the manufacturing costs. 
0073. The porous electrodes 42 may employ a conductive 
material having many pores and a good adsorptive perfor 
mance, for example, carbon aerogel, carbon nanotubes, 
graphite nanofibers, an activated carbon electrode, active car 
bon, metal oxide or the like. 
0074 The electrodes 42 can be adhered to the opposite 
Surfaces of the collector 41 using a conductive adhesive mate 
rial Such as conductive paste, conductive tapes, and other 
conductive binder materials. 

0075. However, in a case where the collector 41 and the 
electrodes 42 are adhered to each other using the adhesive 
material, the pores of the porous electrodes 42 may be par 
tially clogged, and electrical conductivity may deteriorate 
due to contact resistance. 

0076 Accordingly, in the present invention, the collector 
41 and the electrodes 42 are pressed by a pair of the adjacent 
plates 50 among the plurality of plates 50 to maintain a 
contact therebetween, whereby the electrodes 42 can be 
attached to the collector 41 without adhesion. The detailed 
configuration thereof will be described later. 
0077. A channel 4.0a is formed at one side of the electrode 
module 40 such that the liquid passes to the next cell 70. The 
size and shape of the channel 4.0a may vary according to the 
shape of a channel guide to be described later. 
0078. The plate 50 is formed in an approximately rectan 
gular shape having a specific thickness. A hollow portion 51 
is formed in the plate 50 to have a size smaller than the size of 
the electrode module 40 such that the electrode module 40 can 
be placed on the boundary of the hollow portion 51. The plate 
50 may be made of a stiff and nonconductive material. The 
plate 50 may employ incompressible plastic, which is not 
Substantially compressed when it is pressed by fastening 
members, and other polymer materials. 
007.9 The sealing members 61 and 62 which prevent the 
liquid in the stack structure of the CDI apparatus from leaking 
out of the CDI apparatus include first sealing members 61 
which are disposed on the upper and lower surfaces of the 
boundary of the hollow portion 51 to prevent the liquid from 
leaking between the electrode module 40 and the plate 50, and 
second sealing members 62 which are disposed on the upper 
or lower surface of the plate 50 to prevent the liquid from 
leaking between the adjacent plates 50. 
0080. The sealing members 61 and 62 are formed in the 
same shape and material as those of the end sealing members. 
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The sealing members 61 and 62 are formed of an insulating 
material having a specific elasticity Such as silicone, rubber 
and a foaming agent. 
I0081. In this case, the first sealing members 61 are formed 
as a pair of sealing members and are stacked to cover the 
upper and lower surfaces of the boundary of the electrode 
module 40. 
I0082 Fixing grooves 52,53,54 and 55 are disposed on the 
plate 50 corresponding to the first and second sealing mem 
bers 61 and 62 to fix the first and second sealing members 61 
and 62. The fixing grooves 52, 53, 54 and 55 include a first 
upper fixing groove 52 which fixes the first sealing member 
61, a second upper fixing groove 53 which fixes the second 
sealing member 62, and first and second lower fixing grooves 
54 and 55 which fix the first and second sealing members 61 
and 62 included in the adjacent spacer unit 20 at the lower side 
of the plate 50 (see FIG. 2). 
I0083. The fixing grooves 52, 53, 54 and 55 allow inner 
components to be installed at accurate positions by uniformly 
maintaining the positions of the respective spacer units 20 in 
stacking of the spacer units 20. 
I0084. Accordingly, any one of the first sealing members 
61 is fixed to the first upper fixing groove 52, and the electrode 
module 40 is placed thereon. Then, the other one of the first 
sealing members 61 is placed on the boundary of the electrode 
module 40, and the second sealing member 62 is fixed to the 
second upper fixing groove 53. 
I0085. When the spacer unit having the same configuration 
is stacked on the spacer unit 20 having the above configura 
tion, the first and second sealing members 61 and 62 of the 
lower spacer unit 20 is safely inserted into the first and second 
lower fixing grooves 54 and 55 formed on the lower surface of 
the plate 50 of the upper spacer unit 20, thereby preventing 
leakage of the liquid. 
I0086. Further, when the components of the CDI apparatus 
of the stack structure are pressed and coupled using the cou 
pling members 30, since the boundaries of the hollow por 
tions 51 of the plates 50 press the boundary of the electrode 
module 40 disposed between the plates 50, it is possible to 
maintain a contact between the electrodes 42 and the collector 
41 without attaching the electrodes 42 to the collector 41 
using an additional conductive adhesive material. 
I0087. Since the first sealing members 61 are formed as 
thin sheets made of an elastic material, the first sealing mem 
bers 61 are rarely deformed by a pressing force. Accordingly, 
when the components of the CDI apparatus are coupled using 
the coupling members 30, the electrode modules 40 are 
spaced by a specific distance as much as the thickness of the 
plate 50, more accurately, the thickness of both the plate 50 
and the first sealing member 61 coupled to the first fixing 
groove 52 formed at the boundary of the plate 50. Thus, since 
a spacing distance between the electrode modules 40 is uni 
formly maintained regardless of attachment positions of the 
spacer units 20 in the CDI apparatus to apply the same Voltage 
to the cells 70, it is possible to improve an ion removal 
efficiency. 
0088 FIG. 4 illustrates a cross-sectional view of essential 
parts showing the stack structure of a deionization apparatus 
according to a modified embodiment of the present invention. 
0089. In the modified embodiment of the stackstructure of 
the plates 50, the electrode modules 40 and the first sealing 
members 61, as shown in FIG. 4, first sealing members 61 
may be fixed on the outside of the side surfaces of the elec 
trode modules 40. In this case, first upper and lower fixing 
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grooves 52 and 54' are formed on the plates 50 corresponding 
to the first sealing members 61' to fix the first sealing members 
61'. By using the above structure, it is possible to obtain the 
same effect as in the first embodiment of the present inven 
tion, and also possible to prevent a fine distance difference 
from being generated between the electrode modules 40 due 
to deformation caused by pressing the first sealing members 
61' made of an elastic material. Accordingly, the distance 
between the adjacent electrode modules 40 can be uniformly 
maintained at the thickness of the plates 50. 
0090 Returning to the first embodiment of the present 
invention, as shown in FIG.3, a terminal coupling portion 56 
is disposed on the plate 50 to couple the terminal 43 which 
applies a power to the electrode module 40 with the collector 
41. A terminal insertion portion 57 having a width corre 
sponding to the terminal 43 is formed on the side surface of 
the plate 50 to guide the terminal 43 to the terminal coupling 
portion 56. 
0091. The terminal 43 is made of a conductive sheet with 
out being torn or broken. The terminal 43 is connected to the 
extended portion 41b of the collector 41 on the terminal 
coupling portion 56 and fixed using a clamp 58. Although the 
clamp 58 is inserted into a groove of the terminal coupling 
portion 56 to couple the terminal 43 with the extended portion 
41b in the embodiment of the present invention, the terminal 
may be coupled with the extended portion using a screw or the 
like. 

0092. The terminal 43 may be easily connected to a power 
line by soldering or the like at the outside. 
0093. Accordingly, since the collector 41 is positioned on 
the inside of the plate 50 and only the terminal 43 for appli 
cation of power is extracted outward in the embodiment of the 
present invention, there is no worry that the collector 41 is 
damaged even when the collector 41 is formed of a material 
Such as a carbon foil which is relatively inexpensive and tends 
to be torn. 

0094 Further, fastening holes 59 corresponding to the 
fastening holes 11d of the end plate 11 are formed on the 
outside of the fixing groove 53 in a circumferential direction 
to be spaced from the fixing groove 53 by a specific distance 
in order to couple the plurality of spacer units 20 and the pair 
of end plate units 10a and 10b forming the stack structure. 
0095 Spacing members 71 are disposed in the hollow 
portion 51 of the plate 50 to maintain a specific distance 
between the adjacent electrode modules 40. 
0.096 That is, since the boundaries of the electrode mod 
ules 40 are safely placed on the plates 50, it is possible to 
maintain a specific distance between the boundaries of the 
respective electrode modules 40. If the size of the electrode 
modules 40 is large, it is relatively difficult to maintain a 
specific distance between central portions of the electrode 
modules 40 than between the boundaries of the electrode 
modules 40. Particularly, it is more difficultina case where an 
adhesive material is not used between the collector and the 
electrodes of the electrode module as in the embodiment of 
the present invention. 
0097. Accordingly, the spacing members 71 are disposed 
in the hollow portion 51 of the plate 50 to maintain a uniform 
distance between the adjacent electrode modules 40 over the 
whole area. 

0098. The spacing members 71 may beformed as separate 
members to be inserted in the hollow portion 51 defined by 
the adjacent electrode module 40. However, preferably, the 
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spacing members 71 are extended from the boundary of the 
hollow portion 51 to be formed as a single body with the plate 
SO. 

0099. The spacing members 71 may serve as a channel 
guide which guides liquid flowing in the unit cells 70. 
0100 FIGS. 5 and 6 illustrate schematic views showing a 
flow of liquid in the capacitive deionization apparatus accord 
ing to the embodiment of the present invention. 
0101. In this case, as shown in FIGS. 5 and 6, the spacing 
members are formed as at least one member (guides 71' and 
71"), which is protruded from substantially the side surface of 
the boundary, thereby forming channels of various shapes in 
the unit cell 70 formed by the pair of electrode modules 40. 
0102 The width and a total path of the channel may vary 
according to the positions and the number of the guides 71 
and 71". Since the distance between the adjacent electrode 
modules 40 is determined by the thickness of the guides 71 
and 71" and the thickness of the boundary of the plate 50. 
preferably, the thickness of the boundary of the plate 50 is 
made to be substantially equal to the thickness of the guides 
71' and 71". In this case, the thickness may vary according to 
the capacity and the size, but may be formed at about 0.1-20 

(0103. In this case, the widths of the channels 4.0a and 40a' 
of the electrode modules 40 and 40' are formed corresponding 
to inlets 72 and 72 and outlets 73 and 73' of the respective 
cells 70 and 70'. 
0104. Accordingly, the guides 71' and 71" are provided to 
increase flowing time of the liquid flowing in the respective 
cells 70. Thus, there is an effect of improving an ion removal 
efficiency of the electrode modules 40. 
0105. Further, as shown in FIG. 5, turbulent flow genera 
tion portions 74 are formed in the hollow portion 51 to be 
inclined to a flowing direction of the liquid. Preferably, the 
turbulent flow generation portions 74 are formed in a ladder 
shape on the guides 71' to increase the pressure in the respec 
tive cells and to generate a turbulent flow, thereby mixing the 
liquid flowing in the cells in upper and lower directions. 
0106. Accordingly, since the positions of the ions at a 
portion in which an electric force is weak in the flow are 
changed, the ions passing through the cells 70 are adsorbed to 
the electrodes 42, and an ion removal performance is 
improved. In this case, the turbulent flow generation portions 
74 are arranged nonuniformly on the guides 71" by varying 
their heights in a state perpendicular to the flowing direction 
of the liquid, thereby efficiently generating a turbulent flow. 
0107 The coupling members 30 include a bolt-shaped rod 
31 and a nut 32 to fasten components of the stack structure. A 
uniform fastening pressure is maintained in the fastening of 
the coupling members 30. 
0108. Hereinafter, the assembly of the CDI apparatus 
according to the embodiment of the present invention will be 
described. 

0109 The support member 13 is disposed on the first end 
plate 11 having the opening 11a for inlet or outlet of liquid. 
Then, the end electrode module 12 is stacked on the end plate 
11 and the end sealing members 17 and 18 are fixed thereon. 
0110. Then, the spacer units 20 are stacked by alternately 
stacking the plates 50 made of a stiff material and the elec 
trode modules 40 disposed at the boundaries of the plates 50. 
0111. In stacking of the spacer units 20, the upper spacer 
unit 20 is guided by the second sealing member 62 provided 
in the second upper fixing groove 53 of the plate 50 included 
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in the lower spacer unit 20 adjacent to the upper spacer unit 
20. Accordingly, assembly workability can be improved. 
0112. After stacking the spacer units 20, the second end 
plate 11 having the opening 11a for inlet or outlet of liquid is 
mounted corresponding to the first end plate 11, and the stack 
structure is fixed using the coupling members 30. 
0113. Accordingly, the electrode modules 40 are safely 
placed on the plates 50 made of a stiff material and the plates 
50 are fastened to each other by the coupling members 30, 
thereby uniformly distributing the assembly pressure to the 
cells 70, and uniformly maintaining a distance between the 
adjacent electrode modules 40 corresponding to the thickness 
of the boundary of the plate 50. Thus, it is possible to uni 
formly maintain a voltage of each cell 70, and also possible to 
improve the use efficiency of electrodes of the cells 70. 
0114. Next, the operation of the CDI apparatus according 

to the embodiment of the present invention will be described. 
0115. When a power is supplied to the collector 41 through 
the terminal 43, positive (+) and negative (-) voltages are 
alternately applied to the stacked electrodes. When liquid, for 
example, water flows into the opening 11a of any one of the 
first and second end plates 11, the water passes through the 
buffer space 11c to flow into the stack structure through the 
channel 11b. 

0116. The liquid flows in the cells 70, and ions included in 
the water are adsorbed to the pores of the electrodes 42 of the 
electrode modules 40 by a positive (+) or negative (-)electric 
force applied to the electrodes. As a result, it is possible to 
obtain soft water from which ions are removed at the opening 
11a forming an outlet. Then, ions adsorbed on the electrodes 
42 can be removed from the electrodes by switching the 
polarity of the electrodes 42 or by injecting water while the 
power supply is cut off. The removed ions are discharged with 
water thorough the opening. 
0117. Although the end plates are formed at upper and 
lower sides in the structure of the embodiment of the present 
invention, the end plates may be installed at left and right 
sides. 

0118. The water which has flowed through the opening 
11a of the upper end plate 11 flows toward the lower end plate 
11 along a flow path formed in a ZigZag shape according to the 
arrangement of the channels 4.0a of the electrode modules 40. 
0119 Further, as shown in FIGS. 5 and 6, the water, which 
has flowed into the inlets 72 and 72 of the cells 70 and 70' 
after passing through the channels 4.0a and 4.0a of the elec 
trode modules 40 and 40', flows along the ZigZag-shaped path 
by the guides 71' and 71" toward the outlets 73 and 73' of the 
cells 70 and 70', which communicate with the channels 40a 
and 40a' of the adjacent electrode modules 40 and 40'. 
0120 Accordingly, since the waterflows along along flow 
path formed on the unit cells 70, it is possible to increase the 
water residence time on the surfaces of the electrodes 42, 
thereby improving the ion removal efficiency compared to the 
conventional technology. 
0121 Further, as shown in FIG. 5, the turbulent flow gen 
eration portions 74 are formed on the guides 71' to mix the 
liquid flowing in the cells 70 in upper and lower directions. 
Accordingly, the ions passing through the cells 70 are 
adsorbed to the electrodes 42, and it is possible to improve the 
ion removal performance. 
0122 Although embodiments of the present invention 
have been shown and described, it would be appreciated by 
those skilled in the art that changes may be made in this 
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embodiment without departing from the principles and spirit 
of the invention, the scope of which is defined in the claims 
and their equivalents. 
What is claimed is: 
1. A capacitive deionization apparatus which includes a 

plurality of electrode modules, each having a collector and 
electrodes disposed on upper and lower Surfaces of the col 
lector to electrically and chemically remove ions from liquid, 
comprising: 

a plurality of plates made are alternately stacked with the 
electrode modules such that the electrode modules are 
spaced at specific intervals, 

wherein the collector and the electrodes are pressed by a 
pair of adjacent plates among the plurality of plates to 
maintain a contact therebetween. 

2. The deionization apparatus according to claim 1, 
wherein a hollow portion is formed in each of the plates, and 
each of the electrode modules is safely placed on in the 
hollow portion of the pair of plates and pressed by a boundary 
of the hollow portion. 

3. The deionization apparatus according to claim 2, 
wherein unit cells which adsorb ions are formed between 
adjacent electrode modules among the plurality of electrode 
modules, and a spacing member is disposed in each of the unit 
cells to maintain a specific distance. 

4. The deionization apparatus according to claim 3, 
wherein the spacing member includes a guide which guides a 
flow of liquid. 

5. The deionization apparatus according to claim 4. 
wherein the guide divides an inner portion of the unit cell to 
increase a flowing time of the liquid passing through the unit 
cell. 

6. The deionization apparatus according to claim 5. 
wherein each of the electrode modules includes a channel 
corresponding to a width of a flow path defined by the guide. 

7. The deionization apparatus according to claim 3, 
wherein the spacing member is formed on the hollow portion 
as a single body. 

8. The deionization apparatus according to claim 3, 
wherein the spacing member presses each of the electrode 
modules to maintain a contact between the electrodes and the 
collector. 

9. The deionization apparatus according to claim 3, 
wherein the spacing member includes a turbulent flow gen 
eration portion to generate a turbulent flow in a flow of the 
liquid in the unit cell. 

10. The deionization apparatus according to claim 1, fur 
ther comprising a pair of end plates which are disposed at 
opposite ends of a stack structure formed by the plurality of 
electrode modules and the plurality of plates, each end plate 
having an opening for inlet or outlet of liquid, 

wherein at least one of the pair of end plates has a buffer 
space to buffer a pressure of the liquid flowing into the 
opening. 

11. The deionization apparatus according to claim 1, fur 
ther comprising first sealing members to prevent the liquid 
from leaking between the electrode modules and the plates. 

12. The deionization apparatus according to claim 11, fur 
ther comprising second sealing members which disposed 
around the first sealing members to prevent the liquid from 
leaking between the adjacent plates. 

13. The deionization apparatus according to claim 12, 
wherein the plates include fixing grooves to fix the first and 
second sealing members. 
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14. The deionization apparatus according to claim 1, 
wherein the plates are molded of a resin material. 

15. The deionization apparatus according to claim 1, 
wherein the plates are larger than the electrode modules by a 
specific size, 

the apparatus further includes a terminal to Supply a power 
to each of the electrode modules, and 

the terminal is coupled to the collector on each of the plates. 
16. A capacitive deionization apparatus which electrically 

and chemically removes ions from liquid, comprising: 
a plurality of spacer units having a plurality of electrode 

modules and a plurality of plates which Support bound 
aries of the plurality of electrode modules spaced at 
specific intervals, a pair of end plates which are disposed 
at opposite ends of the plurality of spacer units and have 
openings for inlet or outlet of liquid, and coupling mem 
bers which couple the plurality of spacer units and the 
pair of end plate units, 

wherein the plurality of plates are made of a stiff material 
to uniformly maintain a spacing distance between the 
plurality of electrode modules regardless of a fastening 
force of the coupling members. 

17. The deionization apparatus according to claim 16. 
wherein each of the electrode modules includes a collector 
and electrodes having a size corresponding to the collector 
and disposed on upper and lower Surfaces of the collector, and 
boundaries of the electrode modules are pressed by a pair of 
adjacent plates among the plurality of plates to maintain a 
contact therebetween. 

18. The deionization apparatus according to claim 16. 
whereina spacing member is disposed between adjacent elec 
trode modules among the plurality of electrode modules, and 

an inner portion of a boundary of each of the electrode 
modules is pressed by the spacing member to maintain a 
contact between the electrodes and the collector. 

19. The deionization apparatus according to claim 18, 
wherein the spacing member is formed as a single body with 
each of the plates to guide a flow of the liquid. 

20. The deionization apparatus according to claim 16, 
wherein the spacer units further include sealing members to 
prevent the liquid from leaking between the electrode mod 
ules and the plates. 

21. The deionization apparatus according to claim 16, 
wherein each of the spacer units further includes a terminal to 
Supply a power to each of the electrode modules, and 
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each of the plates further includes a terminal insertion 
portion to mount the terminal thereon such that the ter 
minal is coupled to the collector on each of the plates. 

22. A method of manufacturing a capacitive deionization 
apparatus which electrically and chemically removes ions 
from liquid, comprising: 

alternately stacking electrode modules and plates, which 
support boundaries of the electrode modules and are 
made of a stiff material to uniformly maintain a spacing 
distance between the electrode modules, on a first end 
plate having an opening for inlet or outlet of liquid; 

mounting a second end plate having an opening for inlet or 
outlet of liquid to correspond to the first end plate; and 

coupling the first and second end plates with the plates. 
23. A capacitive deionization apparatus which includes a 

plurality of electrode modules, each having a collector and 
electrodes disposed on upper and lower Surfaces of the col 
lector to electrically and chemically remove ions from liquid, 
comprising: 

a plurality of plates made are alternately stacked with the 
electrode modules such that the electrode modules are 
spaced at specific intervals, the plates including a groove 
formed on the upper and the lower surface of the plates: 
and 

a first seal member disposed on the groove to seal the liquid 
between the adjacent plates, the seal member being 
made from an elastic material. 

24. The apparatus according to the claim 23, wherein the 
specific interval of the electrode modules depend upon the 
thickness of the first seal member. 

25. The apparatus according to the claim 23, further com 
prising a second seal member disposed on a second groove 
formed on the plates. 

26. The apparatus according to the claim, 25, wherein the 
added thickness of the electrode module and the twice the 
thickness of the first seal member substantially equals the 
thickness of the first seal member. 

27. The apparatus according to the claim 23, wherein the 
plates are molded of a resin material. 

28. The apparatus according to claim 23, wherein the plates 
are larger than the electrode modules by a specific size, 

the apparatus further includes a terminal to Supply a power 
to each of the electrode modules, and 

the terminal is coupled to the collector on each of the plates. 
c c c c c 


